Extracellular high mobility group box-1 protein (HMGB1) plays important roles in the pathogenesis of nerve injury-and cancer-induced pain. However, the involvement of spinal HMGB1 in arthritis-induced pain has not been examined previously and is the focus of this study. Immunohistochemistry showed that HMGB1 is expressed in neurons and glial cells in the spinal cord. Subsequent to induction of collagen antibody-induced arthritis (CAIA), Hmgb1 mRNA and extranuclear protein levels were significantly increased in the lumbar spinal cord. Intrathecal (i.t.) injection of a neutralizing anti-HMGB1 monoclonal antibody or recombinant HMGB1 box A peptide (Abox), which each prevent extracellular HMGB1 activities, reversed CAIA-induced mechanical hypersensitivity. This occurred during ongoing joint inflammation as well as during the postinflammatory phase, indicating that spinal HMGB1 has an important function in nociception persisting beyond episodes of joint inflammation. Importantly, only HMGB1 in its partially oxidized isoform (disulfide HMGB1), which activates toll-like receptor 4 (TLR4), but not in its fully reduced or fully oxidized isoforms, evoked mechanical hypersensitivity upon i.t. injection. Interestingly, although both male and female mice developed mechanical hypersensitivity in response to i.t. HMGB1, female mice recovered faster. Furthermore, the pro-nociceptive effect of i.t. injection of HMGB1 persisted in Tlr2-and Rage-, but was absent in Tlr4-deficient mice. The same pattern was observed for HMGB1-induced spinal microglia and astrocyte activation and cytokine induction. These results demonstrate that spinal HMGB1 contributes to nociceptive signal transmission via activation of TLR4 and point to disulfide HMGB1 inhibition as a potential therapeutic strategy in treatment of chronic inflammatory pain. Ó
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Introduction
Extracellular high mobility group box-1 protein (HMGB1), originally identified as a nuclear chromatin-binding protein, has received attention for its emerging roles in the extracellular environment, acting as a prototypical damage-associated molecular pattern (DAMP) molecule [5] . In response to tissue damage and inflammation, nuclear HMGB1 translocates to the cytoplasm [1] . While necrotic cells release HMGB1 passively [32] , immune and other cells, including neurons, undergoing severe stress actively secrete HMGB1 via nonclassical pathways [15, 27, 49] . Extracellular HMGB1, alone or in complex with other factors, acts as a chemoattractant or proinflammatory mediator, stimulating immune cells to release cytokines such as tumor necrosis factor (TNF), interleukin (IL)-1, and 18, 43] .
HMGB1 binds to multiple receptors, including toll-like receptor (TLR)2, TLR4, and receptor for advanced glycation end-products (RAGE) [16] . Recent studies demonstrate that the redox state of HMGB1 is key in determining which receptors HMGB1 activates and thus also the functional consequences of HMGB1 release. When the cysteine in position C106 is in the reduced thiol form and C23 and C45 are engaged in a disulfide bridge (HMGB1 
